Introduction
Colorectal cancer in pregnancy is rare, with a reported incidence of 0.002%. 1 Approximately 275 cases of colon cancer associated with pregnancy have been reported in the literature. 2 A review of 205 of these cases performed by Bernstein et al 3 demonstrated that 85% of these cancers were located below the peritoneal reflection. The symptoms of colorectal cancer include nausea, vomiting, abdominal pain, altered bowel movements, and rectal bleeding. Since these symptoms are commonly found in the pregnant population as a whole, physicians and patients usually attribute them to the usual manifestations of pregnancy without an appropriate evaluation. The delay in initiating the workup for the symptoms related to colorectal cancer is a major contributing factor to the poor prognosis associated with this disease. 4 We present another case of colorectal cancer located below the peritoneal reflection that was diagnosed at an advanced stage.
Case Report
A 28-year-old woman complained of intermittent rectal bleeding that persisted throughout her pregnancy. She also experienced some lower abdominal pain and constipation. She was initially evaluated by her primary physician, who attributed the symptoms to hemorrhoids. Due to the persistent bleeding, she sought a second opinion from a gastroenterologist who performed a flexible sigmoidoscopy. The endoscopic evaluation revealed an ulcerated mass located 12 cm from the anus, and the biopsy confirmed a moderately differentiated adenocarcinoma (Fig 1) . The patient had a 16th-week intrauterine pregnancy at that time and was subsequently referred to the oncology clinic for further management. There was no family history of colorectal, endometrial, breast, or ovarian cancers. The physical examination at that time was unremarkable except for normal signs of pregnancy and pallor. The patient was anemic at the time of presentation, with a hemoglobin level of 9.7 g/dL and a hematocrit measure of 28%. Other laboratory data, which included liver function tests, carcinoembryonic antigen (CEA) assessment, and a basic chemistry panel, were within normal limits. An abdominal ultrasound revealed a 1-cm hypoechoic lesion in the liver that was consistent with a cyst. She was immediately evaluated by an oncologic surgeon who thought that her pregnancy would make surgery more technically difficult and that her ability to receive prompt adjuvant therapy would be compromised. Another concern was whether this was a distal or mid sigmoid lesion. In discussions with a radiologist, it was decided that if it was a sigmoid lesion and her uterus was mobile, we would be able to reflect it and expose the sigmoid colon for resection. If it was not a sigmoid lesion or if the uterus was immobile, two procedures would be necessary: first termination of the pregnancy and then tumor resection.
To help determine the exact location of the tumor, a computed tomography (CT) scan was performed by reducing the dose of radiation and using rectal contrast. This demonstrated a lesion at the rectosigmoid junction Cancer Control Center   Fig 1. -The endoscopic evaluation of our patient revealed an ulcerated mass located 12 cm from the anus, and the biopsy confirmed a moderately differentiated adenocarcinoma.
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with adjacent lymphadenopathy and two 1-cm cysts in the liver. No additional evidence of metastatic disease was found. The cancer was just posterior to the cervix and clearly in the midline position. Due to these findings, termination of her pregnancy was recommended.
In addition, CT scan revealed significant nodal disease that was suspicious for tumor involvement. This identified her disease as stage III, and the decision was made to use adjuvant chemotherapy and, depending on the relationship to the rectal sigmoid junction, adjuvant radiation therapy. As she was only 16 weeks pregnant at the time, delaying her adjuvant therapy by another 4 months while she carried her child until a viable stage would lead to further progression of cancer. In consultation with an obstetrician, an oncologic surgeon, and a medical oncologist, she elected to terminate the pregnancy. She underwent a low anterior resection with coloproctostomy by an oncologic surgeon approximately 2½ weeks after terminating the pregnancy. This allowed her uterus to return to a normal size and the pelvic venous congestion related to pregnancy to decrease. Macroscopic examination revealed an annular firm, solid, tan to red-brown lesion (6.6 × 5.5 cm) with a raised border and a larger area of central ulceration. The lesion was located 2.6 cm from the distal rectal margin and 13.5 cm from the proximal colonic margin. Extension through the bowel wall and into the pericolic fat was noted. The microscopic examination revealed a moderately differentiated adenocarcinoma extending entirely through the bowel wall into the pericolonic fat. Five of the nine lymph nodes removed during surgery were positive for metastatic disease. Tumor cells were estrogen receptor-negative (ER-) and progesterone receptor-negative (PgR-) (Fig 2) . Cox-2 expression by immunohistochemistry staining was positive. Her disease was classified as a stage III/Dukes C (T3, N2, M0). She received adjuvant chemotherapy 2 weeks after surgery, consisting of two cycles of the Mayo regimen (5-fluorouracil 425 mg/m 2 per day and leucovorin 20 mg/m 2 per day on days 1-5 of a 28-day cycle) followed by 28 days of continuous infusion of 5-fluorouracil 225 mg/m 2 per day with concurrent pelvic radiotherapy (25 fraction at 1.8 Gy, total dose of 50.4 Gy), and then two additional cycles of the Mayo regimen. The patient tolerated the therapy well with minimal hematologic and nonhematologic toxicities. She remained in remission for 11 months. A follow-up CT scan at a 3-month follow-up showed new left para-aortic lymph node at the level of renal vein (1.2 × 1.4 cm). Positron emission tomography scan confirmed the malignancy, and chemotherapy consisting of an oxaliplatin-based regimen (XELOX and bevacizumab) was administered. Following four cycles, she achieved a complete response. She received four more cycles after that. Currently, she is taking bevacizumab alone and remains in remission.
The patient was referred to the Cancer Genetics Clinic for consultation. they believed that hereditary nonpolyposis colon cancer (HNPCC) could be considered because of the patient's young age at diagnosis. However, the family history was not striking. The family did not meet Amsterdam II criteria for HNPCC. The patient met Bethesda criteria for microsatellite instability (MSI) testing because of her young age at diagnosis. The tumor would first be examined for MSI. If the MSI testing was positive, the genetic testing of the three genes associated with HNPCC would proceed. Once a mutation was identified in the family, other family members could consider predictive testing.
Discussion
In women of childbearing age, cancer represents one of the major causes of death. 5 The incidence rate of cancer in pregnancy reported in the literature ranges from 0.07% to 0.1%. 6 The incidence rate of colorectal cancer in pregnancy is 0.002%. 1 The most common malignancies in pregnancy include lymphoma, leukemia, melanoma, carci- 
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noma of the breast, and cervical, ovarian, thyroid, and colorectal cancer. 7 A mean age of 31 years (range 16 to 48) was reported in a review of 42 pregnant patients with colon cancer. 3 Colorectal cancer in pregnancy represents a serious threat to both the mother and the fetus. Woods et al 8 reported that only 25 of 32 pregnancies in women with colorectal tumors resulted in healthy, live-born infants. Prematurity, intrauterine death, stillbirth, and termination were all contributors to death in these infants.
Common presenting signs and symptoms of colon cancer include abdominal pain, anemia, nausea, vomiting, and rectal bleeding. Because these signs and symptoms are also frequently found in pregnancy, physicians and patients often attribute them to the usual complications of pregnancy. 6 The diagnostic challenge for clinicians is distinguishing pregnancy symptoms from the warning signs of colorectal cancer (Table 1) . 2 Clinicians must be aware of these potential warning signs and symptoms in order to make the diagnosis at an early stage of disease. Rectal bleeding is particularly ominous sign and should never be attributed solely to pregnancy without a proper evaluation. Delays in diagnosis lead to advanced stages of cancer and may contribute to the poor prognosis associated with this disease. Colorectal cancer occurs rarely in young patients, and as a result, this patient population is more likely to have strong predisposing factors compared to the general population of patients with colon cancer. 9 Such predisposing factors for colon cancer include hereditary nonpolyposis colorectal cancer (Lynch syndrome), familial adenomatous polyposis, Gardner's syndrome, Peutz-Jeghers syndrome, and long-standing inflammatory bowel disease. However, these increased risk groups represent only a small portion of colorectal cancers diagnosed in pregnancy. 2 A review of 19 pregnant patients by Girard et al 1 demonstrated that 4 of 19 patients had one of these strong predisposing factors for colon cancer.
The carcinogenesis of colorectal cancer is not fully understood. The hypothesis that ER and PgR may be involved in the pathogenesis of colorectal cancer during pregnancy has been studied. Several studies have reported the presence of ERs in colon cancer. [10] [11] [12] It has been suggested that as many as 20% to 54% of colon tumors have ERs. 13 Studies have also demonstrated the presence of PgRs in colon cancer.
14 A study by Geelhoed et al 15 reported that 42.8% of colon tumors were PgR+. These findings suggest that increased levels of estrogen and progesterone found in pregnant women could stimulate the growth of colorectal cancers that have these receptors. Stimulation of these receptors could also help to explain the advanced stages found in the majority of patients at the time of diagnosis. However, it is important to note that the data to support the role of these receptors in the pathogenesis of colorectal cancer are scarce and that conflicting data exist in the literature regarding ERs and PgRs in colorectal cancer. In a recent study by Slattery et al, 13 only one PgR+ tumor and no ER+ tumors were found in an analysis of 156 women diagnosed with colorectal cancer. The tumor described in our case was analyzed and was ER-and PgR-.
The role of Cox-2 enzymes in colorectal cancer and pregnancy has also been studied. Lim et al 16 investigated the role of enzymes in the early stages of pregnancy and found it to be vital for each stage of pregnancy. Cox-2 products appear to be essential for the early sequences of pregnancy, including ovulation, fertilization, implantation, and decidualisation. 17 The early events of pregnancy and the pathogenesis of tumor spread have important similarities: both events require cells to migrate from the site of origin to another site at which these cells must establish new vasculature to grow and mature. 17 Cox-2 enzymes are found in high levels in many colorectal tumors cells. The diagnostic evaluation of a patient with colorectal cancer involves three major components: endoscopy with biopsy, serum CEA, and abdominal imaging (Table 2) . 2, 20 Colonoscopy is performed in nonpregnant patients in order to make the pathologic diagnosis of colorectal cancer. Possible adverse consequences of performing endoscopy in pregnant patients include fetal exposure to potential teratogenic medications, placental abruption from mechanical pressure applied to the uterus, and fetal injury secondary to maternal hypoxia or hypotension during the procedure. 21, 22 Colonoscopy in pregnancy is a relative contraindication, and the patient should be fully informed of the possible maternal and fetal risks. 3 Measures used to improve the safety of endoscopy in pregnant patients include gentle abdominal compression during colonic intubation and the use of meperidine rather than diazepam and midazolam because of its safer fetal profile. 2 Also, oxygen should be administered to the pregnant patient during endoscopy to decrease potential risks of hypoxia from sedation during endoscopy. 23 Fetal cardiac monitoring should be considered to detect potential distress to the fetus during the procedure. 24 Serum CEA is an important laboratory test used in the evaluation of pregnant and nonpregnant patients. CEA levels during pregnancy are usually normal but may be slightly elevated. 25 CEA levels obtained prior to surgery provide a baseline to monitor the response to treatment. CEA levels also have prognostic value since increased levels prior to surgery are associated with disseminated disease and increased recurrence rates. 26 However, CEA is not useful as a tool for screening due to the low sensitivity and specificity. 26 Abdominal CT imaging is contraindicated in pregnancy due to radiation teratogenicity, particularly in the first trimester. 27, 28 In nonpregnant patients, an abdominal CT scan can be useful in staging the cancer. Surgical management and prognosis are primarily determined by the extent of local disease and presence of hepatic metastases. An abdominal ultrasound is an alternative to abdominal CT imaging in pregnant patients; this is useful in evaluating the presence of hepatic metastasis and has a sensitivity of 75% for detecting macrometastatic lesions. 29, 30 Magnetic resonance imaging (MRI) appears to be safer than CT in pregnancy, although experience in using MRI is limited. 31 The goals of treatment are to start therapy for the mother as early as possible and to deliver the baby as early as possible. The limiting factor in the delivery of the baby is lung maturity. Delivery of a viable infant can occur at 32 weeks of gestation if the lungs are properly stimulated to mature. Resection of the colorectal cancer at the time of delivery can be considered if a Caesarian section is performed. However, the resection can be postponed for several weeks to allow for the involution of the uterus and resolution of vascular engorgement of pregnancy. 6 The complex treatment of colorectal cancer in pregnancy is based on the gestational age of the fetus, tumor stage, and need for emergent vs elective surgery. If the diagnosis occurs in the first half of pregnancy (at less than 20 weeks), significant tumor progression may occur if surgery is delayed until the fetus is viable; thus, the clinician should recommend termination of the pregnancy and proceed with resection of the tumor. 6 If the diagnosis is made in the second half of pregnancy (more than 20 weeks), resection could be delayed until after the infant is delivered. Following the birth, the patient can be treated in the same manner as a nonpregnant patient. 6 However, waiting until after the birth poses risks to the mother, and she should be fully informed of these risks prior to making the decision. These treatment guidelines apply to both colon and rectal cancers. Hysterectomy is indicated in rec- tal cancer if the tumor has invaded the uterus or if the mother's expected length of survival will not allow the fetus to become viable. 6 Ovarian metastatic disease from colorectal cancer poses another challenge to the treating physician. The incidence of ovarian metastases from colorectal tumors is higher in pregnant patients (25%) than in nonpregnant patients (3% to 8%). 32, 33 The survival of patients with metastasis involvement of the ovaries is poor, in the range of 3 to 12 months. 33 Prophylactic bilateral salpingo-oophorectomy simultaneous with colorectal surgery is recommended by some physicians. 34, 35 However, it is prudent to take into consideration the desire of the patient for future pregnancies. Also, bilateral salpingooophorectomy at the time of resection has been linked to an increased incidence of spontaneous abortion, especially if performed during the first trimester. 4 Nesbitt et al 4 recommend obtaining bilateral wedge biopsies of the ovaries during surgery for pathologic examination of the frozen sections with subsequent removal if the ovaries are involved.
Adjuvant radiotherapy has a major role in the treatment of Dukes B2 and C rectal cancers. Approximately half of rectal cancers with local extramural extension will recur locally after potential curative resection. 36 Radiotherapy was implemented to decrease the rate of local recurrence and to increase survival in patients with extramural extension. 37 Radiotherapy can be utilized only if the infant is delivered prior to initiation of radiotherapy. The fetus cannot be shielded from radiotherapy applied to the pelvic wall due to the anatomic relation of the uterus to the colon. 7 Future fertility should be considered before proceeding with treatment because radiotherapy can cause permanent damage to ovaries and lead to infertility. 38 If a woman of childbearing age is considering radiotherapy, she must be informed of this possible outcome and consent must be documented.
The primary chemotherapeutic agent for the treatment of colorectal cancer is 5-fluorouracil (5-FU). 39 The use of adjuvant 5-FU administration has been demonstrated to increase the colorectal cancer survival rate by 5% to 10%. 40, 41 Previous studies have demonstrated that 5-FU-based chemotherapy improves survival in patient with Dukes class C cancer who have undergone a potentially curative resection. 42, 43 Thus, pregnant patients with Dukes C colorectal cancer should undergo adjuvant chemotherapy.
The major toxicities of 5-FU-based treatment regimens include gastrointestinal toxicities and alopecia. 44 The use of 5-FU during pregnancy can have harmful effects on the fetus. Mechanisms by which 5-FU may lead to fetal abnormalities include interrupting DNA synthesis and cell development through inhibition of embryonic thymidylate synthase. 45 Prior to 1988, there were no reports of subsequent live births after first trimester exposure to 5-FU. 46 Live births have been reported since that time, 2 but the data on such exposure are limited. Chemotherapy is safer if given during the second and third trimesters, after organogenesis is complete. 4, 47 Women diagnosed with Dukes C colorectal cancer in early pregnancy (before 20 weeks' gestation) should consider elective abortion in order to pursue adjuvant therapy. Women diagnosed later in pregnancy can consider delaying adjuvant chemotherapy until after delivery of the infant. However, studies have shown that adjuvant chemotherapy provides significant survival advantage to patients with Dukes C disease when initiated within 5 weeks of resection. 48, 49 Thus, if the patient chooses this option, the physician must make every effort to minimize any delay in surgery by balancing of the needs of the mother with those of the unborn infant. The infant should be delivered at the earliest possible date at which viability is reached, usually around 32 weeks.
The role of newer chemotherapeutic agents such as irinotecan, capecitabine, and oxaliplatin still needs to be explored in this setting. Oxaliplatin and irinotecan are in the Food and Drug Administration's pregnancy category D (ie, they are harmful to an unborn baby). It is not known whether these drugs pass into breast milk.
Colon cancer is a common form of cancer; however, when a young person is affected or when numerous family members have been affected in multiple generations, a common germ-line mutation may exist in the family that predisposes individuals to certain forms of cancer. Given our patient's age at diagnosis (28 years), consideration of HNPCC at this time would have been prudent. 50 However, the family history was not particularly striking. HNPCC is responsible for 3% to 5% of all colon cancers. 51 As already noted, numerous types of cancers and tumors can be associated with this syndrome. Mutations in one of several mismatch or pair genes are known to be responsible for HNPCC. The mismatch repair genes are responsible for correcting mistakes in the genetic code. HNPCC gene mutations are transmitted in an autosomal dominant pattern; therefore, individuals with a gene mutation have a 50% chance of passing the mutation to each of their children. Because multiple genes are involved and this syndrome is relatively rare, specific criteria should be met prior to proceeding with genetic testing. Our patient's family did not fulfill Amsterdam II criteria for HNPCC, but our patient did meet Bethesda Criteria for MSI testing because of her young age at diagnosis. 51 Initial genetic testing for HNPCC is a multistep process. The tumor is first examined for MSI. Microsatellites are portions of the genetic code that are prone to mutation if the mismatch or pair genes do not function properly. A tumor with a high degree of instability suggests a mutation in one of the mismatch or pair genes associated with HNPCC. If the MSI testing is positive, the genetic testing of the three genes associated with HNPCC will proceed. Once a mutation has been identified in the family, other family members can consider predictive testing.
Pregnant women with colorectal cancer generally have a poor prognosis. In a review of 42 patients with colorectal cancer above the peritoneal reflection, Chan et al 52 noted that 23 (56%) of these patients died by the time the cases were reported in the literature. Most died within 1 year of being diagnosed, and the median survival for the group was less than 5 months. One patient survived for 3.5 years after bowel resection but had multiple recurrences. No patient with colorectal cancer in pregnancy reported in the literature has survived longer than 5 years.
Conclusions
Colorectal cancer in pregnancy presents a diagnostic and therapeutic challenge. Since the presenting signs of colorectal cancer are easily attributable to the usual symptoms of pregnancy, the diagnosis of colorectal cancer is often delayed until it has progressed to an advanced stage. To diagnose colon cancer earlier in pregnancy and thus improve prognosis in a patient with significant gastrointestinal complaints such as persistent rectal bleeding, a sigmoidoscopy, preferably without endoscopic medications, needs to be performed by a gastroenterologist. Colon cancers in pregnant patients are usually distal and within reach of the sigmoidoscope.
The decisions made in the care of a pregnant patient with colorectal cancer must take into account both the life of the unborn child and the survival of the mother. The treatment regimen requires a multidisciplinary approach involving experts in obstetrics, neonatology, gastrointestinal surgery, and medical oncology.
